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NOTICE: i&an larm ent or other drawings, speci-
fica'%JoL or other Oata ae used for any purpose
oýher +-ban in c nnection with a definitely related
r overrntý procuz•'rt operation, the U. S.
* Oovrnent +breby incurs no responsibility, nor any
obliti-n i•ateoevar; and the fNct that the Govern-
Ment •y have •o•ul•ated, furnished, or in amy way
supplied. ,4e said drawings, specifications, or other
dqs"iv wot to be regarded by implication dr other-

-vice as in any manner liceneimS the bolder or any
otaer person or corporation, or donveyiflg any rights
or permission to manufacture, use or sell &ny
patented invention that may in any way be related
thereto.
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(S) OJIECT ckWouk tWe/W•€CMiUm/tUtrOceUulobS
($1-122 46d 131) have Also bft•o formk

0 coodvcg reseArh am and to develop laced which ignite teflon cogiciCrs
X4rared flitre decoy syatems with energy at akltudeu up to IW,000 (fee (highem
o*WPc rica in the I.? - 2 .8p specztra-, altkde simmlaaed). These new tganrer

reA4oe (o. th- procctiý*n of jet aircraft compo0itcmst should oVeform as wel[ or

spubm 4a•,lsed-seeking misriles. (This better with sodims nitrate copo'*.-

work is bring coaducteJ under Air Force They t ter- to the 1YfV!0/1 beriunm
comract ( -W616) M1-45,) chtomate/borwn/nitrocellulose composi-

tion which. twies partially confined. i'.
(S) SUMMARY unreliable above 40,000 feet altitude

7 and is more sensitive to frictional forces.
NS) Breakthroughs have bees ac ieved

with both imfrared flare €o~• .~s and (C) RECOhtMEHDATIONS
high-altitude igniter composicio Pre-

ilminary tests oi a new flare composition In view of the encoraging results with
(SI- 119) show that its burning rate and respect to buaning chmacteristics iad
hi4 h ignitobility are unaffected by in- energy otrut obtained with iew, infrared
"rP.saing altitule up to 100,000 lcM flare Compositions containing malyxdenum
(6 men 11) and that its peak iafrared triouidefc/hronic oxidef zirconium furrhe-
energV ouput (watts) and efficiency research and developmen should be con-
(joules/g and cc) increase with increas- ducted. With higher energy oxidizing
ing altitude. The new composition, which agents tis tye of composition may
consists of molybdenum trioxide/chromic equal or exceed the total efficiency of
oxide/zirconium, shows considerable the teflon composition at lower alri*udes
promise for use in decoy systems for jet as well as at 100,000 fc¢c. It is also
aircraft.\Both the currently used teflon/ expected Ahat the advantages of burning
magnesiu1p/nicrocellulose compositions rates Wunfected by decreas ng pressure
and the older, less efficient sodium plus excellent ignitability could be
nitrate'magaesiam/Laninac compositions maintained.
are adversely aIfected by increasing
altitude: peak ed-rgy output and ef-
afitudeny prease~erly o ut rntind rae It is further recomm:nded chat more
ficiency dec evrely. burning rate extensive teats be cimducted with the
decr•ase.; greatly, %the flares become new high-altitude ;gniter composizioo.
very difficmalt to ignite. At high altitude (qo0J/CrnOf 2Zr1N) to determine optimum

the S!-119 composition is far superior to composition a:,d reliability. The use of
teflon compositions, especially during coarser zirconium should be investigated
the first 12 seconds of buring. to further reduce sensitivity to friction

'7MNew high-altitude igniter compo- and impact.

siitioascoataining molybdenum triouide/ The use of conductive igniter

SECRET 03 4 Available Copy



(-; -dW i. (~Ot iOp dckcrwes a 70'1t .~ k - it

Algtiwh reitasch and dewtoopmest of level to 60,000 feet .ad 95% freo, sa
ro€c•tioa syscems (14T use with * air- tevel to 100,000 feet. to addition, i, a

c-h) ac --.locamnsaiag. oely the sot burning rate decree... appronimattly
owsaandia; tlare mad igaiter coapsi- 2 and 7 claws, tespectlvely. Neverthe-
cioa Jveltopawm are discusse) is this less, the trfloL/maghoesimt/nitroce!htu-
Srepo". lose system is fax superior to the eodfion

nitrate skyec. this may be due to the
(C) 'IRSULTS AND DUCUSSION latge questity of incandescent carbon

(high eaissivity) prodoced by the re-
Dhv*&"a*ft ef Fst. Compositioa action of the teflon comtxosition.

4. Ccimpositioa foramlations with beats 6. A radical departure from the above
of rea.-tiom sad heats of combustion data trends occured with a compositio corn-
ore listed in Table I (p 7 ). Since the nistiat ot4OO.CYO3 /Zt (SI-1-9). This
calorimr•y teAs were conducted under composition became sigaificantly more
coaat'ed .Mizs, thee resehlt prob- *fficiest with icmasing altitude. Peak
ably represemt uper eaery limits. At easiy ouput and efficieacy increased
high altitudew wh ". vtciaam coodidioss ap to 60,000 feet sod tapered off slightly
exist, combetioa effi&qcy sod te,.tioi r-i 100,000 feet. The burning rate of the
energy ae reduc*d d •t- o owe flame SI-119 composition remained essentially
tcqwmtre ttmd muach slovef bvwreinw unchaeged at the. higher altitudes. These

ratce. This '% &I shown in 8 previuts re- effects cam be seen in Table 2 (p 8)
' "': 2) Wh=ete C €•itiof •- and Figure 2 (p I1). It is important to

sisisoi 54% ma(?isi. _)% tell=, note thu whereas at sea level conpo-

mA if6 Kel r gave as aerege beat o sition Sl-119 was much less efficient
reaction im oa amospheT of helium ad produced a much lower peak energy
of !521 '-sairies/gram mld at 5 milli, output (in watts) than the teflon system.
meters of heliutm o( 12•2 c.adoies/gram. at 60,000 fce the peak energy of

S1-119 was about 4 ;imes higher than
5. Further evideac• he deleterious that of abe tefloo system (although

eff-ats of reduced pressure as bwuriag efficiewy was still lower). At 100,000 feet
chatacteristics can b-_ =,-t in Table 2 (simalated altitude) the peak energy level
(p 8 ) &ad Figare I (p 12). The efficiency of SI-119 was about 20 times greater
of sodium siuate/ws-'ss/Lmac than that of the teflon system, and its
mad :e.Rgre/ iuminitM*c Uslose efficiency (in joules/cc) was approx-
compseioatis in the fom of pees imately the same (over the ettire bura-
ftamsdecreases py wkk, iacreauisi taS period). f only the first 12 utct4id
skin&e (doecrasiag pm-ssvre). Te of butming weecansidered it can be seen
peak ihared esergy ouput of the tefit from Table 3 (p 9) that com"oitio.

Best Available Copy
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"I I 9) is fa swerifto the tefloo system by an MIAI-iTp squib (costagsi 90/10

ir peak eti.f&V c'u(s at 60,000 ad barium ckrae/barows) VP ( 10.O0w
!10,O fet. 21CO etficiency a •( io feet. It is believed that sq-uibs or primers

icet Al! flaes is the above sctdy were could be eliminated U• desired, since this

Mi bU.-nniaa 4d W ApMroZimStely the ,WW c0itioCot rn ha•!Y be igniited

'a*Se bwuiAS bvurfce we&, by hot wire (squib privcirý ;implifvy

ins the system by ecimina:;-o t,
7. Tab1e I (p sh) abows Composition might logically lead to iwrraed reli-

SI- 119 to have a relatively low heat of ability. To slow down the ielaively fas1
reaction and combuation. It is anici- burning raue of SI-119 and to, reduce it*
"pAcrd that its reacti'o energy cac be sensitivity to friction cars~er rirconium

greatly increased by incoporating chem- (Ref 4) and binders could be used.

icals producing higher energy. 0" Ap-
pcoach is the use of perchlorates 9. Comp1osition Sl-119, which contains
oxidizing ageats. For example, KCIO. no binder, was presed into a paper
with zirconium produces 1610 calories/ flare case for testing. If necessary, it

gram and 6150 calories/cc (based on can be converted Into a caseless flare

calculated true density). Other perchlo,- by means of binders in the same marner
aces can give rtw hbighet energies as the sodium nitrate/magnesirum and

(Ref 3). Another approach is the use of teflon/magnesium compositions. To meet
superoxides of the first two periodic requirements, binders can also be usrd

groups. For example, the calculated to adjus the burning race. It is antici-
heat of reaction for Ke0 and zirconium pated, however, that even with the in-
;, 1170 caloriesigram. The nse of corpnration of binders the burning rate

higher oxygen complex coppoids Of of composicion SI-119 will remain rela-
molybdenum (NMoO.) with the alkali
metals should also be investigated. In overt unafftea bches o 100,000over the range of sea !evel to 100,000

ac.Mition, the use of excess zirconium feet.
may *!.-e ie of value. Composition SI-

119 is approximately stoichiometric, DovellPmeNt of Igalte8 Composielon

assuming ZjO,, Mo, andCr as products.

Still another Vproach to the optimum 10. Two new igniter compositions con-

composition is a mixture of the air- raining MoOCr,O,IZt/nitrocellulosc
conium (SI-119) tad the teflon compo- (S1-122 and SI-131) have been developed

sitioes. for use with teflon/magnesium/nitrocel-
lulose flare formulations. Although these

8. Another important advantage of igniter compositions were ant tested

composition SI-119 is chat it is highly with sodium ntrae/ magnesi wE ls-'.inac

ignitable. It is also used as am igniter flare compositios the results of Ref -

composition and can be initiated dirt"ly erence 4 indicate that they should

.4
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pcfoca 4 batut wick flares of thits Ai *Mau aso" of C aetowe (10 'L C; i
type. Skakc iglakieem rto mlta with of mil) was used to insre pr"er blend-

.lare compesiass, ae Siven in TabIc 4 ijn. Blendag dia alos approximately
(p I0). lpkities o the flare compos•tioas 20 miues.
was accomepislhd over the aimlased al-
titak e rasp o we level :. 100,000 feet 13. (U) Biiderles. comanitions were

with completely umcefloed systems. At blended ian Abbe ball O1ll for '4 hour.
, nn,nm feet, however, inition of the Rubber soppers were used to iosure

flares by the igsker %as ewmraic. Pie- proper bLending.
liminary tests oith these igsraers indicate
that 4t 100,000 feet the type of surface 14.(C) S1-122 and 131 were blended

of the flare may be critical. Flares with by stirriag with a wooden rod in a mortar.
porova surfaces ignited coasia~emly The nitrocelllose was ased as a 100
while thoeT with hard glazed surfaces aolution in aretOe. Eactea a*cone

did am. I shoud be poined ou that (up to 30 cc/100 g miz) -as ,•ed for
uhen the Atusdad Rk. igiter comp.. blending. hlile "ll *et with acetone

sition, S1-56 (brium'c6o"' maetbaro/ them compositions wcre applied to the
nitrocellulose), is completely mucofined, flare s$ies with a paInt t-,.sh.

it pe•orms enrtically bet acee 40,000

and 60,000 feet. Above 60,000 feet it 15. (C) Caseless flares were pressed

fails cowpt--teiy to ignite the flHre cow in oue increment at 7 ,000 psi. Cased
posirion. flares ntre pressed in I-inch increments

at 1,000 psi.
I! nata aot the sensitivity of the ig-

niter cat-astioe, tois54Ct aAd ffictiOat 3 16, (C) Materials

forces is give, is Table 5 (p 11l.It Ca
be sees that the SI-122 igniter composi- NGNo,. UW. DR. 23 micsm D..i.. Nitm, C,.
't i M 7oO,ICrO,/Zr/ ait'Oce!lulose) is W, % z.s idauic rish" Sisadui

less sensitive than SI-% (BaCcO./B/ Co.. Lot 76293?
nirrocellulose). S-56 has an impaCt ctoq, e. diai I icm. Fi db S64014

value of 3 inches and SI-122 an impact Co.. Lot 5;O

value d 12 inches. SI-56 is Sensitive T,,b. opme . 25, k.,,a me co.

to both seel and fiber (friction pendulum 52. mW 92 ,mlema

tesj whereas SI-122 is sea siive tO KIpwaad 28 miefto eflo.. Cu,..
steel only. Los 4OW14

U&. nmomiaJ4 23 mS-te. Ralk I cbsicaI

(C) SXPSRIMINTAL ?I/ C9DURE SOMMdH o/M ca.

us, Onse9', 10 kti,*% 3Ru64. Ch.m.

12 (U) Compositionis costaisa binder s W0/0 00,.
were prepae in a Lawcaster blender.

5
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CONFIDENTIAL

I.t. I,) --,ro F*.. 1•a. Picagimay Pascual Tec•nical Report
Co., ,.mad. Z. 2238, Feiamry 19,6 .,
Lot 70202

Nifocelluobl. 12.6 2. Tyroler, J. F., sod Kns.p, C.. 4A Fva/t-
t ,oate. Ii-N,1, saian of IAe NOTS Type 7,02A Infrared

Luaianc Resi- NMe. 4116 America Cr- Flare, Picatiany Aramal. PL-R-TN
Awd 41 4. comerciul &fad& ead Corp. No. 6, 25 October 1957

1". (C) All flares wete tested in an 3. Knapp, C., 4a Invead.gi,,,m cfdte Heat
upright position (Fig 4, p 13) in the of Reaction of Various Chewacal Systeez
Picatinny higb-altiud, test chamber to,, Use ih PyrotecABcs and Pr,,pellapts.
(Fig 4. p 14). F.aengy s w• emens PicatinnY Arseual, PL-C-TN No. 2,
were taken from a horioztal side-on R July 1957
position, using lead sulfide detection
equipmrenlt.

4. Knapp, C., Werbel, B.. Veinga.tea, G..
REFERENCES Developemat of igniter Conposz.sonv

for HigA. Alsuide Igai"ion of Il lia..
.Resnick, S . Knapp. C., Veingane, (., OR, P"Teumta, etc, Picatincy Ar-

DeteLopmeat of 9Special Flare (Rita.) (U), menal, PL-C-TN No. 9, 26 March 1958



TABLE I

COMpOSItle" FifuIrleS 0n4 Re.ctls !rrgles

Paerticle Six*,

Compostion, O, b microns PY-719 PY-698 FY-093 FW-15S FW-156 FW-146 FW-16S SI-119 SI-122 S! 1

NaNO, 23 47.6 33.5 60 ..-..

MoO, 12 - - -.. 31.3 31.3 2j
CrO, 0.5 - - - - - - 20 20 16

Teflon 21 - - - 462 308 46s 46 - -

Kel-F 28 - - - - 1) . -. .

Mg 23 47.6 6 1 .7b 40 54 54 54 54 - -

7-r 2.3 - - - - - - - 48.7 48.7 51
Laminac 4.8 4.8 - - - - - -

Nitrocet'l~uose, - - - 2 2 26 2 - 4
12.6%

"Raicvit en Fnetgies

,11R I 19"2 1608 1877 - - - 1684 510 -

,l4 2908 3745 2010 - - - 3 6 17-03

*qj Micron$~

bloo microns

'Host of reaction, I &to helium

dH..t of , QM..tioa. ,0 .. o0,,a .0 est Available Copy
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TABLE 2

Emissios ead Beelaing Cbheiegt astlie of laere Compostions At VeHoob Simulated Altitods"

" Approximete Altitude N.. " aning e eveil" Peek Eltrgyy Total Energy Total Effloticy
! 0Ipenbi ens, In. 108 feet Items Time, see Rnte see/in. 10* wets 109 levIes l evies/cc

FY-719 1.35 x 1.5 S Lc 2 5.3 3.5 2.3 12 220 337

60 1 16.0 10.7 0.4 1 110 167

100 3 28.0 19.9 - - - -

FY-698 1.35 x 1.3 S L 1 8.5 5.6 4.0 35 630 980

60 2 22.8 15.2 0.4 8 150 240

100 1 50.5 33.6 0.1 6 110 1715

FY-893 1.3 x 3.0 SL 1 9.8 3.4 3.4 39 300 6 3
60 1 37.0 9.0 0.2 6 35 69

FW.168 1.35 x 1.5 SL 1 7.6 4.9 19.0 144 2440 3920

60 2 16.5 10.5 6.0 99 1670 2710
100 1 56.0 36.1 .9 33 560 902

SI-1i9 1.3 x 6.2 SL 1 5.0 0.8 8.0 40 90 300
1.3 x 6.5 60 4.p 0.7 22.0 126 280 900

1.3 ' 5.1 100 4.0 6.8 20.0 91 210 790

aAll flates bomed from oso end in cigSaectt tashioe. To achieve this, Comqosiacs.8 FY-719, FY-699. and FT-168 were made as caeeless

ila.w, ad As cwv"d midc w.t-e coated with Laiusac maisi (WK/20, No*. 4116 -4134). FY-893 aed SI-I 19 were p•essed iao cia-waJled

('/ inch) wr-rscaged paper cases.

bc positioe fomas are Sivr i& Table I (p 7).

cSe. levei

4



TAmLI 3

A Compr. e .of the PW.r1" OAd $1.119 Com 9osltooms for the First 12S.e..ds o1 Sweu mle

Peek Emove Toeal Energy Uicicency

Altituie swwurnt Amlumhbor 109 W~ In Wetta/sq In. 05 joules in *ioelot in 1eleo&,'cc in
ioL,191n' 10feet TIm. see Lotgh.r in. 1Is 12 see Bw nine Surface 1a 12 Sec lot 12 s"c 1st 12 soc

FV--166 S Lb 7.6 1.5 19.0 133• 144 2,440 ,,920

60 16.5 1.5 6.0 4.2 72 1,220 1,920

100 56.0 1.5 0.9 .63 7 120 190

SI-119 SL 5.0 6.2 8.0 6. AO 90 300

60 4.8 6.5 22.0 16.6 126 280 900

100 4.0 5.3 20.0 15.1 91 210 790

a.mositsioa foe ulas:

FY- 1 Teflom 46PC ta
MeI 54 ptsa

NC 2 pea

51-119 moo, 31.3 pt"

CrO, 20.0 pro

7j 48.7 pe

bsaa



TAKE A

se~ePae No. of Aparulmete, Altitude.

COMPOSltolen COMPesitten Items ;4 !tea Olmonsleus. Ill. 10, ft Rpo4

SI1,,FW- 15 4 1.35 1.6 ScAll igaited

Si-i 2: FT-iss 60 All igaited

MI-I22 71-15i SI O FW-155 ixaited i., (, caaead

SI- 122 F-1515 12 100 FW-151 ignited in A casest

SI. 122 FW-156 1 1 31 1. - SL All i~msied

SI-122 FW-I56 360 All ilgaited

SI-I?) FW-136 I *so A!! iC~itad

SI-I?? FW1-4 1$ 100 All ~.t~

SI-122 1- 16L 2 2.5 x 4.3 60 Ali issited

sI-l3I P1-155 2 1.ýS x 1.6 SL All issited

C-1- I I FJ-155 2 -60 All igsited

SI-131 FW-155 j to ..11 ignited

Sl-l3I 71-155 15 100 FW-135 illited in A rgest

'The iataute co-npcsirioas were app'ied to the circuslar surface of the -&*@lowsa flat#&. Thp flat *ad* were not coaced.

DCouposition formulas are gives in Table I Qq )

d All flares La thwip pev had hard Slexed serf ace&.

@All flest uh," failed to igeite had .std. Slaesed surface. All (1"*s (5) havies reough paor. surface did ignte.
0.isee Ban aimg hard. lonad surtaet also i~ptied.

- A ugh i , Polo..A ;--re W
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Fig 3 )yroccchoic Iligh-Ali:;nd' Test CSsmberu for Dyn amic Testing at Attitudes up to 00O,00O rrct

(Tank volwne, 9W0 cubic It?:)-I
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(,Omawaiiia Office.
Picuiaaay Arsenal
ATTN: Te.d-fics eg 1ineuiiom Secuion 1-5
Dove r, N. J.

Chief ot (rdmance
Depc of dwe Army
ATTN- OIDThS 6
Wn~inted :1, I). C.

Commannder
Iri~k Air Develpmet. CAswr
AITN: WC*GDPI, Mews. F. Lintoos Sarso.s 7- 10

?COSI-3 (LI80) 11
AFCIN-4A/B, Dr. P. Owrebo 12

Wnihc-Partersom Ait Force Base

co e~t.&der

Direetorase ot Systems t4miagemeu
HQ ARDX

RV7: L7.STF, I t. CciJ. Wood 1
WrigIhr-Pamcfsoe Air Force base
OhiO

conk4ef
A r Pmvoii-S G.-6md Center

rTN- ACLO, Pbco 0pe B. 0. Cowitch 14
,gfim Air Foce Sam. Flogide

Aued SmrIces Technical W..,.maiom A~eincy
Adi4coo Hall station
Artir4'!on, Virginia 15 - k

Evw~s Sp1Lbrrr
ATTN- ~. W 1. lVowinmpas
vs. SbiNOub. Now Jmmy 25



WSWa U&Wnt Test Swtioo
ATTN: Cedie 3529 26
Chiza Lake, Calikee~s

£apoclve Oidmmac Division
'4. ATTN. W. B. Davis

AF3MO)- 647627
Az~,Califmsa

VIA: Distict C&W4
Loa AMgees &rdace Disrict
55 S. O(in)r Awn,.

Pa Osada. CaUi- ui

01000599 29

VIA W wuela, Otia

VSA: D osuiCkidw*Oak

CSt. a L460.WSW~c ~sj



Radiazio,. Labdraw•I
hT'N-rN Dr. Md. D. Earl-t

AF33((!6)3374 .0

1315 Sc. Paw) Street
saltime, Maryland

VIA- District ,hld

Philadelphia Ortuaace Diatrict
ATTN: Chief, Sp-:cial Projects Branch

llsd.s'al Division
128 Noeh Eo,A Street
Philadelphir 2, Pennsylvania

University of Micaigan

Willow Rum Labtr•toriet
A'flN: Mr. Robtm ireymAier

AF33(616)5501

Ypsilanti, Michigan

VIA: 'istfict Chict

Detroit Ordance Disrict
574 Eam Woodbridgc

Detroit 11. Michigas

Nudh iAnmerican Aviation
iateratiouai Airport
Syvstwe & Tactic Group
ATIN: Air. Bill Swac-z

AF33(600)38669 1

.os Anseles, Califoraia

VIA: District Chief
Los Anteles Ordnance District
55 S. Grwtd Avenue

Pasade-a 2. California

18



A,--,- Wooldridge Corporation
CoaiMol Syteae Division
ATTN: Domhy Cons, Librarian 33

5720 Arbor Vitae Street
Los An elt-s, California

VIA: District Chief
Los Angeles Ordnance District
55 S. Grand Avenue

Pasadent 2, California

Rand Corporation
ATTN: Dr. S. Passman

1700 Main Street
Santa Monica, California

VIA: District Chief
Los Angeles Ordnance District
55 S. Grand Avenue
Pasadena 2. California

Spefiy Gyroscope Comwpny
ATTN: W. Sampson

AF33(6•0)-35477 ;5

Grr•i Neck, New York

VIA: District Chief
New York Ordftafce District
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